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We have solid evidence for dark matter:
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Only NP beyond SM
discovered so far!
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Dark matter candidate?

— We know very little. Vast range of possibilities
> Can be 1073 GeV to 10%® GeV.

- WIMPs

> A compelling story.

2 Most relevant for the collider searches.

— Others: axion, ...

2 Possible. But not relevant for collider searches.

Wednesday, August 27, 14



WIMP miracle

s 1 = :
@ 0.1 DM\
= “:}—2
= H}j -
- }%_5 increasing ® SM
2 1079 | <gvV>
E 1077

-1 ——
=5 1078 - --L_
= 10-9 )1‘ DM
an 1010 S —
fe ] [} 11 ¢ A
o 12 -
E ig—m | R (av} - 9p
E 1D—14 I ETITT BRI (R TTT BN TY m%)l\/[
E 1 101 102 10¢

time———=

m,/ T

- If go ~ 0.1 Mp ~ 10s GeV - TeV

> We get the right relic abundance of dark matter.

— Major hint for weak(t) scale new physics!
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WIMP miracle
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— More precisely, to get the correct relic abundance
92
MWIMP S 1.8 TeV <ﬁ>

— Much of the parameter space out of reach for the
LHC.
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"standard” story.

ot et W, Z — #%, jets...

partners: g, q, W, Z, E
SUSY, UED, etc.

— WIMP is part of a complete model at weak scale.
— Its produced as part of the NP signal, shows up as missing energy.
> Dominated by colored NP particle production: eg. gluino.

— The reach is correlated with the rest of the particle spectrum.
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"standard” story.
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SUSY, UED, etc.

— WIMP is part of a complete model at weak scale.
— Its produced as part of the NP signal, shows up as missing energy.
> Dominated by colored NP particle production: eg. gluino.

— The reach is correlated with the rest of the particle spectrum.
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"standard” story.
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SUSY, UED, etc.

Of course, still plausible at the LHC, will keep looking.
Higher energy = higher reach
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More basic channel

— pair production + additional radiation.

i

SM >
DM ! ' T~ v

jet, or v+ K

— Mono-jet, mono-photon, mono-...

— Have become “"Standard” LHC searches.
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At future colliders
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Snowmass, 2013
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EFT effective?

N

SM

DM

— Valid as field theory?

> Already questionable in run 1, will be quite
problematic at for run 2.

2 Much worse at 100 TeV. Overestimation of the reach.

— At the same time, missing other physics
opportunities, such as additional states to look for:
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EFT effective?
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— Valid as field theory?

> Already questionable in run 1, will be quite
problematic at for run 2.

2 Much worse at 100 TeV. Overestimation of the reach.

— At the same time, missing other physics
opportunities, such as additional states to look for:
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Two simple ways of going beyond

— Dark matter in a weak multiplet.
» Mediators = W/Z/h

— Singlet dark matter + new mediator

Wednesday, August 27, 14



DM part of a weak multiplet

— Mediated by W/zZ/h.

— Additional charged states.
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SUSY as an example

— Not just because we love SUSY.

— SUSY LSP = a set of good examples of more

generic WIMP candidaftes.

> Bino ¢ singlet fermion dark matter
> Higgsino <& Doublet. Heavy exotic lepton.
» Wino & EW Triplet DM

> Can have co-annihilation regions
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Matthew Low, LTW

wino .- disappearing tracks CO”IdeI’ LImItS
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— Significant step beyond the LHC.
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Disappearing frack
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Figure from ATLAS disappearing track search twiki

— Main decay mode x* — T* + x*

— Charge track = 10(s) cm
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ATLAS search ATLas, 13103675
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— Essentially free of physics background.

— Dominated by pt mis-measured tracks.

— Very promising reach, much better than mono-jet
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Rates (with long tracks)
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— Disappearing frack, stub, kink...

— Could also be long lived
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(Rough) Extrapolation from ATLAS search
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— Scale the ATLAS background rates according to
hard jet + MET rates.

— Band: varying background estimate by 5 either
way.
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Do something about Higgsino?
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— Depends on detector design
» How long the frack needs to be?

> Background discrimination?

— Can change mass splitting in extended models.
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Casascade, multilepton searches.
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Gori, Jung,Wells, LTWV, to appear
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2. Simplihied mediator models

collider detection —

direct detection —

s — channel

can be scalar or Z’

X X X
q q q

t — channel

squark like

<— UO0I1123)3P 09JIpUl
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Possible to discover the mediator
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RQGChQS Monojet: CMS-PAS-EXO-12-048
squark: CMS-PAS-EXO-13-012
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In general, the processes involving mediator direct
production give strongest limit.

Stronger limit come from squark search (gray) or CMS-
style monojet search.

Haipeng An, Hao Zhang, LTWV, 1308.0592

95% CL Upper Limit on o / og gy
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Conclusions

VLHC :
LHC 100 TeV Lepton collider
MDM ~ 0.5 Ecm
Mpm ~10%s GeV Mpm ~TeV Spin, Coupling
Is it WIMP?

— Could also link to a possible dark secftor.
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Conclusion

— The search for WIMP dark matter is largely out
of the reach for the LHC.

? LHC 14: reach to about a couple hundred GeV.

— 100 TeV pp Collider signficantly enhance the
reach, a fact of 5-7 enhancement.

— More detailed studies necessary. At the same
time, it is clear that this should be one of the
main motivations for going to a 100 TeV pp
collider.
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extras
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Effective operator approach

i

SM

DM
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Effective operator approach

i

DM

SM

momentum exchange
q~100 MeV << mo

effectively,

1
FXXJSM
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Effective operator approach

momentum exchange

DM q~100 MeV << mo
\ 4 effectively,

1

oM XX s

DM

<

Use colliders to constrain and probe
the same operator

1
FXXJSM

Beltran, Hooper, Kolb, Krusberg, Tait, 1002.4137
Goodman, Ibe, Rajaraman, Shepherd, Tait, Yu, 1005.1286
Bai, Fox, Harnik, 1005.3797 .....
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Collider searches

— 2 kinds of contributions for monojet.

— pp—x¢ gives harder (mono)jet!
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Wino, interplay with indirect detection

Dark Matter Fraction
Dark Matter Fraction

15 20 25 30
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Cohen, Lisanti, Pierce, Slatyer, 1307.4082

See also Fan, Reece, 1307.4400
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Wino summary
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— Completely cover the wino parameter space.
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